The association between thyroid dysfunction and mood disorders is well recognized. The prevalence of mood and anxiety disorders is higher in patients with thyroid dysfunction[@ref1], thyroid status predicts treatment response in major depression and bipolar disorder[@ref2], augmentation with thyroid hormone has therapeutic efficacy in treatment-resistant depression[@ref3], and additionally, thyroid hormone receptors are localized to limbic structures implicated in regulation of mood[@ref4]. The nature of the association between thyroid dysfunction and schizophrenia-spectrum disorders has, however, not been well studied. Several studies have revealed a high prevalence of thyroid dysfunction in patients with schizophrenia[@ref5][@ref6][@ref7]. There are reports available on the association of autoimmune thyroid disorders with non-affective psychosis[@ref8][@ref9][@ref10].

It is noteworthy that studies which have shown an association between thyroid dysfunction and bipolar disorder (BPD) have tended to choose the disorder of their interest (namely BPD) and club the other psychiatric disorders together as a psychiatric 'control group'[@ref11][@ref12]. The presence of very low prevalence rates in some diagnostic groups within such a heterogeneous 'control group' would conceivably lower the mean prevalence in the 'control group' and thus exaggerate the difference between the diagnosis of interest and the control group.

There is limited literature on the rates of thyroid dysfunction among patients with major psychiatric disorders in the Indian population. This study was carried out to examine and compare the level of thyroid dysfunction between patients with mood disorders and schizophrenia-spectrum disorders in a hospital-based inpatient sample. The term "thyroid dysfunction" refers to abnormalities in laboratory test parameters of thyroid hormonal status, namely serum TSH (thyroid stimulating hormone), T3 (triiodothyroxine), T4 (L-thyroxine), FT3 (Free 'unbound' fraction of T3), FT4 (Free 'unbound' fraction of T4).

Material & Methods {#sec1-1}
==================

*Study design*: The retrospective study was conducted at St. Johns Medical College Hospital, Bangalore, a tertiary-care, general hospital adult psychiatric unit in July 2011 - December 2011 on patients admitted between January 2008 and December 2009. The study protocol was approved by the St. John\'s Medical College Hospital Institutional Ethics Review Board (IERB). The patients were assigned an ICD-10[@ref13] diagnosis based on a clinical interview and diagnostic consensus between two consultant psychiatrists. The data were obtained from electronic records, and information was obtained regarding diagnosis, age, gender, medication status, thyroid function tests (serum TSH, T3, T4, FT3, FT4) and thyroid antibody titres (anti-TPO levels). Since the vast number of admissions were of patients with substance-dependence and the focus of the analysis was to examine thyroid status in patients with schizophrenia-spectrum disorders and mood disorders, a random sample of 30 patients with substance use disorders was taken as a representative sample for the group. For the other diagnostic groups (dissociative disorder, panic disorder, and other anxiety disorders), the sampling was consecutive.

Thyroid function tests were done routinely for all patients during the first admission and on subsequent admissions, if there is a suspicion of thyroid disorder. TSH was done on almost all patients; T3, T4, FT3, FT4 and anti-TPO were done when TSH level was abnormal. The assays of TSH, T3, T4, FT3, FT4 and anti-TPO were done by the Chemilumniscence (CLIA) method using Access 2 and Unicel Dxi 600 automated systems (Beckman Coulter, India). Reagents were obtained from Beckman Coulter India Pvt. Ltd., Bangalore. The sensitivity and range for the assays were as follows: T3=0.1 ng/ml (range=0.1-8 ng/ml); T4=0.5 μg/dl (range=0.5-30 μg/dl); TSH=0.003 μIU/ml (range=0.01-100 μIU/ml); FT3=0.88 pg/ml (range=0.88-30 pg/ml); FT4=0.25 ng/dl (range=0.25-6 ng/dl) and anti-TPO=0.25 IU/ml (range=0.25-1000 IU/ml).

Data were analyzed using SPSS 15.0 IBM, USA. Psychiatric disorders were grouped into schizophrenia-spectrum disorders (schizophrenia, schizoaffective disorder, acute psychosis) and mood disorders (bipolar disorder, major depressive disorder). Since serum thyroid hormonal levels have a wide range of normal variability, the data were analyzed with subjects categorized as normal *vs* abnormal thyroid function (TSH \<0.34 μIU/ml or TSH\>4.1 μIU/ml or TSH=Normal but FT4\<0.61 ng/dl), positive *vs* negative anti-TPO. In the absence of data on physical manifestations of thyroid disease, TSH\> 4.I μIU/ml with T4 \< 6.09 μIU/ml was considered to represent clinically significant hypothyroidism, while TSH ≤ 0.02 μIU/ml was considered to indicate clinically significant hyperthyroidism[@ref14]. The data were analyzed using Chi-square (χ^2^) test.

Results {#sec1-2}
=======

Results of 468 patients were reviewed. Data on thyroid hormonal status were available in 343 subjects \[Male=173 (50.4%), Female=169 (49.3%), Missing =1 (0.3%)\]. The mean age of the study subjects was 37.46 ± 13.56 yr.

The distribution of psychiatric diagnosis in the sample is shown in the [Table](#T1){ref-type="table"}. There were 147 (42.86%) patients with schizophrenia-spectrum disorders (schizophrenia=108, schizoaffective disorder=17, acute psychosis=22) and 185 (53.94%) with mood-spectrum disorders (bipolar disorder=122, major depressive disorder=63).

###### 

Diagnosis-wise distribution of sample and rates of thyroid dysfunction
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*Thyroid dysfunction*: Hypothyroidism was observed 37 of 147 (25.17%) patients with schizophrenia-spectrum disorders (schizophrenia=25/108, schizoaffective disorder=6/17, acute psychosis=6/22). Of the 185 patients with mood spectrum disorders 40 (21.62%) (bipolar disorder=28/122, major depressive disorder =12/63) had hypothyroidism. Three subjects with schizophrenia and two with major depressive disorder had clinically significant hypothyroidism. Hyperthyroidism was seen in six of 147 patients (4.08%) with schizophrenia-spectrum disorders (schizophrenia=4/108, schizoaffective disorder=1/17, acute psychosis=1/22). Three of 185 patients (1.62%) with mood spectrum disorders (bipolar disorder= 3/122, major depressive disorder=0/63) ([Table](#T1){ref-type="table"}). Two subjects with schizophrenia had TSH ≤ 0.02 μIU/ml suggestive of clinically significant hyperthyroidism. Overall, abnormal thyroid hormonal status was seen in 43 of 147 (29.3%) patients with schizophrenia-spectrum disorders (schizophrenia=29/108, schizoaffective disorder=7/17, acute psychosis=7/22) and in 23.24 per cent (43/185) of mood spectrum disorders patients (bipolar disorder=31/122, major depressive disorder=12/63) ([Table](#T1){ref-type="table"}).

*Anti-TPO positivity*: Data on anti-TPO status were available from 210 patients (schizophrenia=52, schizoaffective disorder=13, acute psychosis=16, major depressive disorder=44, bipolar disorder=81, dissociative disorder=2, anxiety disorder=2). Eighteen patients were anti-TPO positive. Of the 18 anti-TPO positive patients, 11 had a schizophrenia-spectrum disorders (schizophrenia=8, schizoaffective disorder=0, acute psychosis=3), while seven had a mood disorder (bipolar disorder=5, major depressive disorder=2). The rate of anti-TPO positivity in the schizophrenia spectrum disorder group was 13.58 per cent (11/81) *vs* 5.6 per cent (7/125) in the mood disorder group.

*Effect of gender*: Overall, there was no difference in the abnormal thyroid hormonal levels (M=40/166; F=46/165), hypothyroidism (M=35/166; F=42/165) or hyperthyroidism (M=5/166; F=4/165) between men and women. There was no gender difference in individual psychiatric diagnostic categories.

*Effect of medications*: Limited data were available regarding antipsychotic and mood-stabilizer medications as follows: lithium (n= 32), valproate (n= 27), risperidone (n= 68), olanzapine (n= 13), quetiapine (n=9), haloperidol (n=6), clozapine (n=6). There was no significant difference in TSH levels among the patients on different classes of antipsychotics although levels of TSH were least with quetiapine (2.09±1.74) and highest with Olanzapine (7.29 ± 20.05). Patients on lithium had higher scores on TSH (5.37 ± 8.71 μIU/ml, n=32) compared to patients on valproate (3.79 ± 3.21 μIU/ml, n=27) although the difference was not statistically significant.

Discussion {#sec1-3}
==========

Our results indicated that thyroid abnormalities were present in patients with schizophrenia-spectrum disorders and mood disorders in an inpatient population admitted to a tertiary-care general hospital unit. Autoimmune thyroid disease was more frequent in schizophrenia-spectrum disorders compared to mood-disorders. There was no gender difference. There was no significant effect of medication on TSH levels in our sample, although data on medication status were limited.

Abnormal thyroid hormonal status was observed in 29.3 per cent patients with schizophrenia-spectrum disorders in our study. This was comparable with that reported in a similar study in a hospital sample in South-East Asia which showed that 36.4 per cent of patients with schizophrenia had thyroid dysfunction[@ref6]. Poyraz *et al*[@ref8] found that in a sample of 74 consecutive subjects with schizophrenia, 11 (14.86%) were serum positive for autoimmune thyroiditis which is comparable to our data. Among the general population in India, the rates of thyroid dysfunction are, clinical hypothyroidism=3.9 per cent, subclinical hypothyroidism=9.4 per cent[@ref15].

Thyroid dysfunction in bipolar disorder seen in our study was (25.41%) which was lower than that shown by Bartalena *et al*[@ref16] (32%) and higher than that of Cassidy *et al*[@ref17] (11.51%). While a few studies show that autoimmune thyroid disorders are associated with bipolar disorder[@ref18][@ref19], others fail to find an association[@ref20]. Eller *et al*[@ref21] reported the rate of autoimmune thyroiditis in depressive disorders as 8.9 per cent comparable to our finding of 5.6 per cent.

Thyroid hormones play an important role in neurodevelopment, specifically in neurogenesis, myelination, dendrite proliferation and formation of synapses[@ref22]. Animal studies have shown that treatment with antipsychotics, like clozapine and haloperidol is associated with changes in expression of nuclear receptors and genes involved in thyroid hormone function[@ref23]. Most antipsychotic medications block dopaminergic transmission and result in elevated rates of TSH (quetiapine being an exception). Lithium concentrates in the thyroid gland and can cause inhibition of the uptake of iodine into follicular cells, alteration of the structure of thyroglobulin by interfering with the coupling of iodotyrosine residues to form iodothyronines, and inhibition of thyroid hormone secretion[@ref24]. It has also been observed that conversion of T4 to active T3 is decreased in both animal and human models[@ref25]. Lithium use has also been associated with hyperthyroidism resulting from mechanisms such as overflow of thyroid hormone following increase in the intrathyroid iodine pool, Jod-Basedow-like phenomenon, and release of thyroglobulin due to direct toxicity to thyroid follicles[@ref26]. Lithium exacerbates pre-existing thyroid autoimmunity by activating lymphocytes rather than inducing antithyroid peroxidase (TPO) on its own[@ref24]. If TPO antibodies are present, continuation of thyroxine will be required even if lithium is discontinued[@ref24].

Another possibility is that thyroid hormone abnormalities may represent nonthyroidal illness such as "euthyroid sick syndrome" and "euthyroid hyperthyroxinaemia" which are a response to chronic systemic illness. The prevalence of euthyroid sick syndrome ranges from 7 to 33 per cent in psychiatric inpatients[@ref27][@ref28] while euthyroid hyperthyroxinaemia is thought to be more common in mood disorders[@ref29]. Although it is difficult to distinguish nonthyroidal illness from true thyroid dysfunction in an in-patient sample, the TSH level in euthyroid sick syndrome is upto 15-20 μIU/ml[@ref30]. The mean values of TSH in the schizophrenia-spectrum and mood disorders groups were higher than the range of 15-20 microIU/ml in our sample. Further, the presence of autoimmune markers in some of our cases suggests that nonthyroidal illness cannot explain all of the results.

The high rate of thyroid dysfunction in schizophrenia-spectrum disorders makes a case for screening, and has implications for cognition and treatment response. Thyroid hormones have been directly implicated in working memory performance in schizophrenia[@ref31]. TSH levels have been shown to correlate with performance on tasks of attention[@ref32]. Also relevant to treatment is the role of thyroid hormones in the regulation of dopamine D2 receptors. Hypothyroidism induces increased dopamine receptor sensitivity[@ref33].

The limitations of the present study include retrospective study design, inpatient sample, the lack of control for medication status and lack of data on clinical signs of hypothyroidism or co-morbid medical conditions. Also these results may not reflect the prevalence of thyroid dysfunction in psychiatric disorders in general. Additionally, our findings do not reflect causality, *i.e*. whether thyroid dysfunction is a cause or a result of psychiatric disorder and its treatment. Moreover, majority of the cases were subclinical and the distinction from nonthyroidal illness further compounds the issue of interpretation of this data. A small number of patients received L-thyroxine. Since the study was retrospective and cross-sectional in design, follow up data on whether medication changes modified treatment response or the course of the illness were not available. The data on medication status was limited. Also, since the study was a retrospective review of electronic records, data on duration of illness, severity of symptoms, physical co-morbidity and timing of thyroid assessment were not available, though may be relevant to thyroid status.

Despite these limitations, the study highlighted the fact that abnormal thyroid hormonal status was frequently seen in this patient population. The implications with regard to screening/treatment of abnormal thyroid hormonal status and cost-effectiveness in the management of schizophrenia-spectrum disorders warrants further study.
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